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CHROMATOGRAPHY VALVE ASSEMBLY 

FIELD OF INVENTION 

The present invcntioD relates to divertcr type valves and 
more pailiculariy to a diverter valve assembly designed for ^ 
use in liquid chromatography. 

BACKGROUND OF THE INVENTION 

Only about 15% of the known compounds lend them- 
selves to analysis by gas chromatography owing to insuffi- 
cient volatility or thermal instability. Liquid column 
chromatography, on the other hand, docs not have these 
limitations. The interchange or combination of solvents can 
provide special selectivity effects that are absent when the 
mobile phase is a gas. Ionic compounds, labile naturally 
occurring compounds, polymers, and high molecular weight 
polyfunctional compoundjs are conveniently analyzed by 
liquid chromatography. While liquid flow in traditional 
liquid chromatography was achieved by gravity, modem 
Liquid column chromatography uses high pressure pumps 
C^^with relatively short narrow-bore columns containing small 
^F'partides of paddng. 

One of the most important parts in a liquid chromatog- 
j^' ^aphy setup is die solvent delivery systenL Sudi a system 
^^%iust t>e able to precisely deliver a solvent (ot a mixture of 
C^ldifferent solvents) over a relatively broad flow range. Sam- 
^-.^jpling valves are essential components of this solvent deliv- 
I , pry system, allowing the sample to be rq}roducibly Intro- 
J^'lluccd into the column without significant intemiption of the ^ 
""how. Sampling valves are also used for connecting and 
H disconnecting the chromatography colunm to the process 
^'^|>iping (e.g., for flushing purposes). 

An exemplary prior art liquid diromatography valve setup 
Is schematically dq>icted in FIGS. LA-ID. FIG. lA shows 35 
valve assembly 10 comprising valves 12a. 126. 14a. 146, 
1^160, and ld6. Liquid enters the system tc<xa the entrance 
tycoccss pq)ing 20 and can be directed tfaiough the valve 
assembly 10 by controlling the afore-mentioned valves as 
— ^will be Later explained. The system gives die user the 40 
flexIbiUty to have the product fluid flow throu^ a chroma- 
togn^y column (not shown) in a forward (FIG. IB) or 
xevcne (FIG. IQ direction, or the product fluid can be made 
to con^etdy bypass the column (FIG. ID). liquid leaves 
x^e valve assemUy through the exit process pq>liig 22. 
:/^y Fluid can flow tfarougl^ the prior art valve assembly 10 
/depicxcd in FKI. lA in W one of the three directioas 
dqiicted in FIGS. IB-ID. pxe fluid flofw is icpceseated by 
aixom 25 in these figures, u H(S. 1B« \(4iicfa ccfKCse^ 
forward pcoduct flow tfaromi the column, valve 14a is 
opened allowing the fluid lo^ow fiDom the process piping 
into the valve asseoibly lO.VValve 16a is also cpened 
allowing the fluid to flow into me diroinatogrq3hy column 
(not shown). The fluid retums^^m the chromatography 
coluimi passing through valve 1& and reentering the valve ss 
assembly. The fluid leaves the Valve assemUy passing 
through valve 146 on its path baqc to the |»x>cess p^ing. 
Vedves 12a and 126 remain closed during this process. 
According to the reverse i^ooess flow depicted in FIG. IC 
fluid entering the valve assembly 10 from the process pq)ing 60 
can flow through valves 12a and 166 into the column, 
returning from the column through valVe 16a, and exiting 
Che valve assembly through valve 12A back through the 
process piping. Valves 14a and 146 rccdain dosed during 
this process. The column may be byp^sed altogetfier 6S 
according to the process flow depicted in FIG. ID. where the 
liquid entering into the valve assembly from the process 
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piping encounters opened valves 12a. 14a, 126 and 146, 
exiting the valve assembly without entering the chromatog- 
raphy column which remains inaccessible by closing valves 
I6a and 166. 

^ Prior art liquid chromatography valve assemblies like the 
one described above are typically fabricated using either six 
independent valves or two two-way divertcr valves with two 
independent valves, connected cither by sanitary tri-dams or 
welded to tec fittings. The problem encountered with these 
10 systems, which is especially prevalent in those using the tee 
fittings, is the existence of dead-legs. Dead-legs arc areas of 
liquid that have become trapped in the valve assembly when 
the flow of liquid in a particular branch of the system is 
halted. In dead-legs, fluid can stagnate causing contaminants 
t5 to accumulate or micro-organisms to grow. This presents a 
serious problem in liquid chromatography where such con- 
taminants can adversely affect the results of a particular 
analysis. Hence the need for a divertcr type valve assembly 
in which all flow con:^>artmcnts are shared and fully flushed 
20 when a flow through valve is opened deariy exists. 

Diveiter valves are not partictdariy new. and, in fact, the 
prior ait includes many examples of different types of these 
valves. An example of such a valve is described in U.S. Pat 
No. 5,273.075 to R- A. Skaer cntidcd DIVERTER VALVE. 
^ The valve described in this patent comprises a diaphragm 
type valve with a single inlet port and two outlet ports, and 
is set up such that the flow of fluids can be directed from the 
inlet port to one or the other outlet ports. The valve operates 
by closing a diaphragm against an edge or weir of a partition 
^ with the valve housing which prohibits fluid flow to the one 
port while acconunodating flow to the other port This 
specific divertcr valve is made for use with systems that 
reqtiire only a single inlet port and no more than two outlet 
ports, and hence, such a valve system would not acoommo- 
date the intricate pltmibing necessary to operate a liquid 
chromatography system. Moreover, the valve assembly 
described above requires specialized coi]^>onents« including 
a specific housing that itself is the subject of a VS. patent 
QJS. Pat. No. 5.427,150 to Sfcaer ct aL Entifled HOUSING 
^ PORADIVEiaERVALV]^ 

TheFC<4)lem with most pri<v ait diveiter valve assemblies 
levotvcs around the fact (hat &ey are not manufactured out 
of a dnglc block of matedaL Tbese vaWe assemUies are 
thetcf Qce relativdy cjq>ensive to manufacture, and are, in 
genctaL <IifiScalt to dean in place due to the dead4egs 
pccsest when lee fittings are used in them. When these 
valves arc fiilty assembled, they also take up a large vokmc 
in spwoc leqiiddng toon installation voLtuoe. Since it is the 
objcctof most bio technology and itotmaccutical firms to 
minimize dead4egs and to inake process Idling and vaWe 
ayfifffiMW as €ODq>aot as possible, a new valve assembly 
wbidi ameCotates diesc difSculties is sordy needed. 
Ic is Ihetefcce an object of the present invention to provide 
' 55 a con^Mict unitarily formed divertcr type valve system for 
use in liquid duomatography in which dead-legs between 
the valves ate eliminated and in which file installation space 
needed for the system is mfnImfTM. 

SUMMARY OF THE INVENTION 

A unitarily formed divertcr valve assembly for use in 
liquid duomatogr^hy.The valve assembly is configured so 
as to direct the flow of fluid coming from an inlet port 
through the valve bo^ where it can then be revcrsitdy 
65 directed into and out of a chromatography coliunn. On 
lecumlng from the colunm, the fluid reenters the valve 
asseflibly whoe it is directed to an oudet poet in order to ejdt 
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the system. The vaJvc assembly can also be configured so as 
to bypass the colunxn aliogciher. The smooth and tortuous 
network of passageways in the valve body, in combination 
with the placement and operation of the diverter valves, 
substantially eliminates dead-legs from the system. S 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a deuilcd undersunding of the present invention, 
reference should be nude to the following detailed descrip- 
tion taken in conjunction with the accompanying drawings 
wherein: 

RGS. lA-lD are schematic views of a prior art chroma- 
tography valve assembly showing possible product flow 
directions; 

FIG. 2 is a perspective view of the instant invention valve 
assembly; 

FIG. 3A is a top view of the valve assembly of the instant 
invention without the manual bonnets; 
' n^y rlG. 3B is hs enlarged cross-sectional view through line 20 

Va— A of na 

FIG. 3C is an enlarged side elcvational view of the instant 
^=,^invcntion valve assembly without the manual bonnets; 

piq 3D i5 an enlarged side elcvational view of the instant ^ 
^^[linvention valve assembly rotated approxlnutely 45** from 
i^i|thc view depicted in FIG. 3C: and 

FIGS . 4 A-4C arc schematic views of the instant invention 
H, jvalvc assembly showing possible product flow directions. 

Ul DETAILED DESCRIFnON OF THE ^ 

, J INVENTION 

s Referring to FIG. 2, there is shown a perspective view of 
f=^e instant invention chromatography valve assembly 30. 
"tiarhc valve assembly 30 conqirises a unitarily formed valve 35 
4lx>dy 32, which may be cast or machined from iron, tronze. 
f- Stainless steel or alumintmu or may be molded from a 
r'^^sultable plastic or plastic composite materiaL The outer body 
:>^^2 is generally that of an octahedral pyramid having a 
^^^octagooai base 34. a square top surface 36. and a combina- 40 
f llion of triangular 35 and distorted hexagonal 48 side faces. 
The top square stuf ace 36 is planar and mounted thereon is 
the first of five manual bonnet assemblies 38^9^0.41.42 for 
manually controlling the operation of the underlying valves. 
The operation <^ manual bomicts in diverter valve assem- 4S 
Uies is well known to those skilled in the art. and is 
explained, foe example, in afore-desoibed U.S. PaL No. 
5.273,07S« the specification of which is inootpoiated herein 
by reference. It should be noted that althou^ manual bonnet 
assemblies arc shown, other means such as pneumatic or 50 
electrical actuators may be mounted on the outer valve body 
in order to oootrol the valves, thereby j^HmSniitfng the need 
for the mantial bonnets. The manual bonnets as shown arc 
affixed to the valve body via plates 44. each plate having 
four suitaUe scrcw*lype fasteners 46.. Extending down- ss 
waordly and outwardly from each edge of the top square 
surface 36 of the valve body 32 is a distorted hexagonal side 
face 48. each dde face being planar and having a nianual 
bonnet mounted thereon. These side faces are angled at 
approximately 30^ with respect to the octagonal base of the 60 
valve body. The reason for die particular angled mounting of 
the additional four bonnet assemblies 39.40.41^2 has to do 
with valve drainage concerns, and will also be explained in 
detail later. 

Still referring to FIG. 2. inlet/outlet ports 50. 52. 54. 56 65 
are located on the triangular side faces 35 of the valve body 
32. each poet being located between two manual bonnet 
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assemblies. The triangular faces 35 rise perpendicularlv 
from the octagonal base of the valve body. ^e^Si tSl^ 
gular face is located approximately 90- from the otTcr^e 
ports may be threaded, flanged, or left smooth i^Tdl^^ 
^vdepending on the desired coupling to the process piping.^ 

"^^.^I^"^ "^"I.^* ™' ^^^^ ^ ^»^o^n * top N^ew of 
^ «s^mbljk minus the manual bonnets and with a 
P^[*' <^<>^^r^oJal view of the underiying channeTJet 
work drawn in wA broken lines. As cai b^ seen S Ss 
figure, ports 50. 5i 54 and 56 are arranged at angTes of 

S?h 11 base section of the valve asVEmbly' 

.C^l^ port 52 opening into 

chamber 62, port 54 owning into daax^ber 64. a'^d p4t 56 
opemng into chamber U. Ruid entering any of thVpom 
encount^s a chamber aJd channels leading to three cSvSS 

TnTi^-^ """M ^o divert^ valves 70. 76 

^ ih.t 17^ iodltortuous network of passageways 

that lead tfirough the valvi assembly connect tTjK^ wkh 
the cha^s and valvesW a such a way that^valve 

fl''^'^/L"/""^.^^'^^^« ^ later cxplakSd.^e 
54 7^^5^^ f is contrould by the diverterTalves 70^2 
74.76.78 and may be adjust<5d to permit specific flow direc- 
tions which, in combinaUon\with the smooth and tortuous 
passageways, eliminate dead-kgs from the systeiiL 

Referring now to FIG. 3B.yiere is shoWn an enlarged 
CToss-sec^nal view of the v^ve assembly through Une 

into chamber 60. A passageway 5ileading to diverter vah^e 
tn^^^^^'^^i'' figure. Vmbcr 60 is connected 
to chamber 64 via diverter valve 78. The passageway that 
connects these two chambers is iUnci riskg sha^^ 

35 t>cforc encountering diverter valvcbs and then falling 
sharply after encountering the valve, the angle of inclina- 
tion 63 measured from either side <rf thi diverter valve 78 is 
approximately SO^.In chamber 64. a paiageway 65 leading 
to divert^ valve 74 can be seen. Hn^Jf this figur? pS!^ 

40 54 can be seen as opening into chamber W 

'^«ringnowtoFia3Ctfacreisshownanenlar£edside 
cteyaaonai view of the instant invention valve asseinbly 30 
^l^^?;^ dde elevatiooal view is directed down port 
«)whuii u disposed on triangular «^ 
45 *pwc. port SO opens into chamte 

Aamids to diverter valves 70, 76 and 78. In this figur^ 
divcitevrfyes^^ 

iwt 50. beuig disposed bcaeaih the afot©.dcscribed diis- 

tottedhexagonaisidefaces48.Thcsedivcrtcrvalvcs.aswcU 
50 asdjvote v^^^ 

nwAined in die position <rf tiietr diain angle which is 

5>pro»niatdy 30* as measured from the oct^ 

Ac valve a^mWy. Tliis ammgemcnt cotiplod with the foct 

that valve 78 (as seen in na 3B) is at a high point in the 
55 valveasscra^^ 

easily dramable. IVirts 56 and 52 arc also cicariy visiW^ 
this figure. 

Ref cning now to FIG. 3D. there is shown an cnlareed side 
elcvational view of the valve assembly 30 rotated app^ 

vaive 70 comprises a valve body having a substantiaUy flat, 
distorted hexagonal side face 48 and a centrally positioned 
opening 71 which is bisected by a weir 73. I^^dircdtty 
65 '''^''^I^- of the va?^ body k 

tS^^^ "^cl ^"^"^ connected to port SZ whUe the 
other «iifacc 756 is curved to form a channel connected to 
port 50, The smooth unobstiuctod chamber 77 and chauiel 


